To determine whether deforestation has affected the incidence of species of Melipona in an area undergoing deforestation. (2) To highlight the potential use of GIS and remote-sensed environmental variables in studies of insects as bioindicators of landscape change.
INT RODUCTION
Stingless bees comprise a diverse group of perennially active, eusocial bees with a pantropical distribution (Roubik, 1989 ). This group is most diverse in the neotropics, and in the Amazon region alone more than 140 species have been described (Camargo, 1990) . This study focuses on one genus of stingless bees, Melipona. These species are noted for their buzz-pollination of poricidally dehiscent¯owers (Roubik, 1989) , and their past and present cultural and economic importance to humans (Schwarz, 1948; Posey, 1983; Roubik, 1989; Dain, 1991; Oliveira, 1997) . Melipona spp. are especially sensitive to anthropogenic disturbance, especially deforestation. All species pertaining to this study nest only in the cavities of live trees (Camargo, 1994; Kerr et al., 1999) . Stingless bee queens have a highly developed abdomen that prohibits¯ight. Thus, colonies are unable to¯ee from disturbance. Moreover, in natural colony division, workers provision a new nest site before the colony divides to occupy it (Roubik, 1989) . This relationship between the mother and daughter colonies does not allow colonies to disperse more than a few hundred meters (Michener, 1979) . Thus, as people colonize forested regions for agriculture, the felling of a tree containing a nest, later robbing of honey by humans, or subsequent burning of the area can easily kill a colony (Kerr et al., 1999) .
Recent rural development efforts in the Amazon include incentives for local people to keep bees for honey production as a way to wed rural development with conservation of local¯ora. These projects, however, tend to employ Africanized bees (Apis mellifera scutellata), introduced to Brazil in 1959 (Kerr, 1967; Brown, 1999) . Unlike the case of stingless bees, commercial honey production with Africanized bees is generally not viable in intact, humid tropical areas (Orley R. Taylor, pers. comm.) . In Rondonia, Africanized bee honey production is possible, because deforestation and subsequent land abandonment allows for establishment and spread of important honey plants for Africanized bees, especially iron-weed, Vernonia polyanthes Less., locally known as assa-peixe (Conde Â, 1989; Conde Â et al., 1990; Marquez-Souza et al., 1993) .
As deforestation continues in Rondonia, it is important that research track the impacts on biodiversity and provide data that policy makers can use to guide future conservationwith-development initiatives. This research investigates Melipona spp. as bio-indicators of deforestation and highlights their importance as potential beekeeping species. Speci®cally, we evaluate evidence of deforestation effects, both at local and regional scales, on composition and richness of Melipona spp. in an area of the Amazon that has been under deforestation pressure for 20±30 years.
STUDY AREA
The study area is in the state of Rondonia, Brazil in the south-west Amazon Basin (Fig. 1) . Rondonia is located between 8 and 14°S and 60 and 67°W. Mean annual precipitation amounts to 2300 mm in the extreme north to 2070 mm in the south. A pronounced dry season lasts from May to August. Maximum temperatures range between 36 and 38°C. When cold fronts penetrate the region between May and September, it is not unusual for temperatures to drop to 15°C for a few days (CEPA-RO, 1982) .
The mean centre of our sample points is 10°56¢10¢¢ S, 62°34¢17¢¢ W in central Rondonia. The sample points occur within an area of 3150 km 2 , encompassing gently undulating topography between 100 and 400 m, interrupted with some mountainous topography up to 500 m. Our sample points were from areas with elevations between 100 and 400 m. Vegetation in the study area is moist tropical upland forest with three subtypes: dense, open and an open/savanna transition type (RADAMBRASIL, 1979) . The open and open/savanna transition types comprise most of the study area. Open forest is characterized by evergreen trees up to 32 m in height with dense undergrowth of vines, palms and (Lisboa, 1989) .
The study area was formerly part of a large rubber extraction estate, sparsely populated by rubber tappers and indigenous groups. In the early 1970s, the region became an of®cial government-sponsored agricultural colonization zone. Migrants were settled onto rectangular plots of 100 ha (500´2000 m) along an axis feeder road running perpendicular to the federally maintained highway BR-364, which bisects the state from south-east to north-west (Millikan, 1992) . In turn, every 4 km, feeder roads were constructed running north-west and south-east of the axis feeder road, or in other words, parallel to the BR-364. This road construction and settling of migrants occurred over the last 30 years beginning near the urban area of Ouro Preto do Oeste in the north-east at what we mark as km 0 and extending to km 84 to the south-west where settlement borders large reserve areas, the Uru-Eu-Wau-Wau indigenous reserve and Pacaa Â s Novos National Park (Fig. 1) . Deforestation in areas nearest the BR-364 began in 1971 (Kohlhepp & Coy, 1986 4 ), yet it began only around 1982 in areas toward the end of colonization (also con®rmed with LANDSAT TM imagery from 1984 and interviews with local farmers in 1997). Settlement areas near the reserves have been deforested at a much slower pace than near the BR-364. LANDSAT TM images con®rm that deforestation from km 60 to 84 was still negligible in 1987. Overall, this settlement has created what we term a deforestation gradient, and it has led to a pattern of deforestation resembling ®sh bones, or as Rudel (1993) calls the deforestation pattern, corridors of cleared land'.
MATERIALS AND METHODS
Field work was conducted in July, 1997. Melipona spp. were sampled near roadsides across the deforestation gradient, approximately every 4 km from the BR-364 near the urban centre of Ouro Preto do Oeste to the end of agricultural colonization. Sampling effort totalled two man-hours at each of 69 points, and we recorded all locations with a Garmin 45 global positioning system (GPS) receiver at the centre of the sampling effort. For the purposes of analysis, time of day was recorded as either beginning before noon or after noon. Elevation and forest type were determined by overlaying sample points on data provided by RADAM-BRASIL (1979) . Spatial analysis of the pattern of our sample points indicates that it is signi®cantly dispersed, similar to that obtained from a strati®ed random sample (Ebdon, 1985) . At each sampling point, bees were captured with a net while they visited¯ower patches of a common iron-weed species, Vernonia polyanthes Less. The effect of¯ower patch size was controlled by choosing patches that were at least 50 m 2 in size, and if the patch was larger, bees were captured only within a 50-m 2 area. Abundance measures were not collected, rather the goal was merely to capture as many species as possible at each location. Specimens were killed, placed in plastic canisters containing tissues moistened with ethyl acetate, labelled, and transported to the laboratory of the Federal Cacao Experimental and Extension station (CEPLAC) in Ouro Preto do Oeste, Rondonia for mounting. The specimens were later transported to the Department of Biology at the University of Sa Ä o Paulo ± Ribeira Ä o Preto. There, Prof. J.M.F. Camargo identi®ed the individuals to species. All specimens from the study are deposited in the university's collection. We based our quanti®cation of regional and local deforestation patterns on a 1996 colour composite LANDSAT TM image of the study area. Using ArcView (ESRI, version 3.2) we divided the near infra-red band (band 4) by the red band (band 3), known as the ratio vegetation index (Richardson & Everitt, 1992) , to create an image in which high values correspond with high levels of photosynthetically active biomass and low values correspond with low levels. We then interactively chose a threshold level at which primary forest cover could be separated from non-primary forest cover, thus allowing for the creation of an image with a binary land cover classi®cation.
To quantify the general, regional pattern of the deforestation gradient, a 4´16 km rectangle was placed at 4 km intervals over the north-west side of the main road running perpendicular to the BR-364 (Fig. 2) . The percentage of primary forest remaining within the rectangle at each interval was calculated and associated with the mean richness of the sample points occurring at that interval. We calculated a correlation coef®cient between the interval kilometer along the gradient with mean richness (Kendall's s).
We also investigated regional patterns in richness along the deforestation gradient by calculating the mean centre of the distribution of all sample points, which is the mean of all latitudes and longitudes of sample points, and comparing it with a weighted mean centre (Ebdon, 1985) . In this case, we weighted each sample point with its corresponding species richness. Regional composition patterns were analysed by mapping and then comparing the mean centres of the distribution of each species. Mann±Whitney U-tests, including ties, were used to test the signi®cance of differences between species incidence distributions, whereby a median kilometre at which each species was found to occur along the gradient was calculated (0 km 5 the main highway BR-364; 84 km the last feeder road before the indigenous reserve and national park). The higher a species' median distance from the main highway, the more its distribution is centred toward the forested end of the gradient.
We generated local deforestation variables in two ways. First, we measured distance from our sample points to the nearest primary forest with a point-quarter method (Cottam et al., 1953; Krebs, 1999) . This allowed us to generate a mean distance value for each point. Second, we measured the percentage of primary forest cover within 1 and 2 km of the sample points (Fig. 3) . We chose the distances based on studies that suggest that foragers of Melipona fasciata tend to remain within a fraction of their maximum¯ight range of 2.4 km (Roubik, 1989) .
Local patterns in richness were analysed by aggregating the environmental data where 1±3 species occurred and comparing it with the data from where 4±5 species occurred. This aggregation of data was repeated where 1±2 vs. 3±5 species occurred. We tested the hypothesis that percentage primary forest cover was higher for points with the highest richness, as well as the hypothesis that mean distances to the nearest primary forest was lower for sample points with the highest richness (Mann±Whitney U, including ties).
Detrended correspondence analysis (DCA) of the species data was used to determine the length of the sampled environmental gradients. The length of the compositional gradients sampled determines whether a unimodal or linear response function is appropriate for constrained ordination (Jongman et al., 1995) . Linear methods, e.g. redudancy analysis (RDA), are more appropriate when short compositional gradients (< 2.5 SD units) have been sampled. The RDA was used to determine how well the measured environmental variables explain the species distribution. Manual forward selection determined which of the measured environmental variables accounted signi®cantly for the greatest amount of the variation in the species data. We then grouped the species into common and less common groups to test the hypothesis that one group of species occurred at locations that were closer than others to primary forest in addition to the hypothesis that one group of species occurred at locations characterized by greater percentage of primary forest cover than where we found other species (Mann±Whitney U, including ties). All statistical analyses were completed using DataDesk 6.0 (Data Description Inc., Ithaca, NY) and Canoco for Windows (Microcomputer Power, version 4.02, Ithaca, NY 7
).
RE SUL TS
Of seven species of Melipona known within the study area (Brown, 1997) , all seven were found during the present study. Richness among the 69 locations ranged from 1 to 5 species as follows: 1 (n 8), 2 (n 32), 3 (n 12), 4 (n 11), 5 (n 6). Melipona seminigra abunensis Cockerell, 1912 and M. grandis Gue Ârin, 1844 were the most common, found at 66 and 59 sites, respectively. Melipona melanoventer Schwarz, 1932 and M. ru®ventris brachychaeta Moure, 1950 appeared in fewer than half of the sample sites, but were more common than M. schwarzi Moure, 1963, M. fuliginosa Lepeletier, 1836, and M. crinita Moure & Kerr, 1950 , which were much rarer (Fig. 4) .
RE GIONAL ANA LYSES
There was no signi®cant correlation of species richness with distance along the deforestation gradient ( Fig. 5 ), especially
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Urban area of Ouro Preto do Oeste toward the very end of the gradient with the most primary forest cover. With primary forest at its highest level, near 70%, mean species captured in that region dropped. With respect to the mean centre calculations, the weighted mean centre (wmc) is located 1.9 km from the mean centre of all sample points (mc) (Fig. 6 ). While this distance represents a mere 2.3% difference along the 84 km gradient, that difference is in the direction of greater forest cover and less time since the onset of agricultural colonization and its accompanying deforestation. The spatial occurrences of the most common species (Fig. 7) , the less common species (Fig. 8) , the rare species (Fig. 9) , and their respective mean centres (Fig. 6 ) can be described with respect to our awareness of the deforestation gradient. The most common species were found over the entire area (Fig. 7) . The mean centre of M. seminigra abunensis was 140 m from the mean centre of all points, and the mean centre of M. grandis was located 2.9 km toward the region of most deforestation from the mean centre of all points (mc) (Fig. 6 ). The mean centres of M. ru®ventris brachychaeta, M. schwarzi, and M. melanoventer were located at an average of 11.1 km from mc in the direction of greater forest cover, a 13.2% difference along the gradient. The mean centre of M. fuliginosa was 4.9 km from mc, perpendicular to the axis of the deforestation gradient, and the mean centre of M. crinita was located 7.2 km from mc in the direction of less forest cover. A 14-km difference exists between the mean centres of M. ru®ventris brachychaeta, schwarzi and melanoventer and the mean centre of the M. grandis distribution, a 16.7% difference along the gradient in the direction of greater forest cover. Regionally, the incidences of both M. melanoventer and M. ru®ventris brachychaeta are distributed signi®cantly toward the most forested end of the gradient when compared with the distributions of M. grandis and M. seminigra abunensis (Table 1 ). 
LOCAL ANALYSES Species richness
Locations with higher richness were signi®cantly closer to primary forest than locations with lower richness (Table 2 ) (1±2 vs. 3±5 species, P 0.0252, a 0.05; 1±3 vs. 4±5 species, P 0.0203, a 0.05). Percentage of primary forest cover was signi®cantly higher in areas where higher species richness was found (Tables 3 and 4 ) (1±2 vs. 3±5 species: 1 km, P 0.0119, a 0.05; 2 km, P 0.0231, a 0.05; 1±3 vs. 4±5 species: 1 km, P 0.0026, a 0.01; 2 km, P 0.0127, a 0.05).
Species composition
Detrended correspondence analysis indicated that the length of the species compositional gradient was 2.25, suggesting use of RDA in constrained ordination. The RDA allows for construction of a bi-plot of species and environmental variables (Fig. 10) . The ®rst canonical axis eigenvalue, 0.13, is signi®cant (F-ratio 9.281, P 0.005;
Monte-Carlo test, 199 permutations) and accounts for 67.4% of the species±environment relationship but only for 13% of the total species variability. Forward selection indicated that the variable 2 km (the percentage of forest within 2 km of our sample sites) explained the greatest amount of variance in species distribution along the transect (F-ratio 8.948, P 0.005, Monte-Carlo test, 199 permutations). Once 2 km was selected, none of the remaining variables explained a statistically signi®cant amount of the remaining variance. The RDA bi-plot, and accompanying canonical coef®cients and interset correlations, indicate that other environmental variables such as time of day of collection (time), elevation (elev) and forest type (vegopen, vegdense and vegtrans) are not as strongly correlated to the ®rst axis as our 1 and 2 km deforestation variables (Tables 8  and 9 ). Melipona grandis, M. melanoventer and M. ru®ventris brachychaeta, according to the bi-plot, appear to be the species responding the strongest to the deforestation variables. The incidence of M. seminigra abunensis, M. fuliginosa, M. crinita, and M. schwarzi appear to correspond weakly to the environmental variables, as evidenced by the relatively short distance they lie from the bi-plot origin. This makes sense considering that M. seminigra occurred in all but three locations and that M. fuliginosa, M. crinita, M. schwarzi appeared in so few locations. Melipona schwarzi, M. fuliginosa, and M. crinita appeared so rarely in our sample (8, 4 and 4 times, respectively) that it is not fruitful to perform any statistical analysis with respect to the environmental variables. Therefore, we focus our analysis below on particular species by using the two logical groups that emerge from our samples, one including the aggregate data of M. seminigra abunensis and M. grandis (group A, the most common), and the other including the aggregate data of M. ru®ventris brachychaeta and M. melanoventer (group B, the less common). Distances to the nearest primary forest cover of group A were signi®cantly higher than those for group B (Table 4 ) (P 0.0013, a 0.01). Primary forest cover percentages of group B were higher than those of group A (Tables 5 and 6 ) (P 0.0002, a 0.01 for both 1 and 2 km values).
DI SCUSSION
Our results suggest that in spite of only 20±30 years since our study area came under deforestation pressure, an impact on Melipona spp. presence and richness is detectable. Melipona seminigra abunensis and M. grandis, the most common, appear not to be affected measurably by our methods, yet M. melanoventer and M. ru®ventris brachychaeta, although fairly common in the region, were not dispersed evenly across the landscape. Rather, at regional and local scales, they were found where primary forest cover was more intact. The environmental gradient we have analysed is both spatial and temporal. Areas nearest the main highway BR-364 are the most deforested, and they have experienced the greatest time since they were ®rst disturbed. We do not know exactly when forest became disturbed in the areas around our sample points to include this in any analyses. An interesting question for future studies is to determine what amount of variation in species data can be explained by this temporal component, or time since deforestation began.
The ®rst axis of our ordination correlates well with this deforestation gradient. While not our goal to predict how many species of Melipona exist at a given level of deforestation, we conclude that Melipona spp. richness tends to be higher in areas of higher forest cover. Unfortunately, we have no similarly collected data from the region during the years before initial deforestation with which to compare our results. Our assessment of deforestation's varying impact on Melipona spp. is necessarily based on the assumption that if there were no impact, M. melanoventer and M. ru®ventris brachychaeta would be collected evenly across the gradient along with the most common species. Our results are important, nonetheless, for they present important baseline data for future studies in this and other regions where these species are found. Lawton et al. (1998) In response, our results point to the potential of Melipona spp. as useful indicators of the impact of deforestation, given the relative ease of their collection and identi®cation. All the variables used as a measure of deforestation point to the same conclusion that M. melanoventer and M. ru®ventris brachychaeta are species whose incidence suggests their greater susceptibility to deforestation. Distance to the forest from the sample point, pqmean, was inversely related to primary forest cover percentage within 1 and 2 km of the sample point (Fig. 10  8 ). Moreover, the percentage primary forest cover within 1 km of the sample point was directly related to the percentage at 2 km, so both of these measures yielded similar results. The local analyses correspond to the regional as well, because the most deforested sites are located nearest the highway BR-364, and the sites with greatest forest cover are found on the opposite end of the deforestation gradient (Fig. 6) . The variable 2 km appeared in the forward selection of the RDA to have the most promise of all the measured environmental variables in predicting species composition and abundance. Future studies should further clarify the nature of this relationship to determine what particular components of the 2 km variable are ecologically important to these species. This information could form the basis of plans to manage disturbed tropical forest regions with the goal of maximizing species diversity and abundance of Melipona (Tables 8  and 9  9 ). On one hand, it is not entirely clear that collecting only incidence data, one sample for each site, is suf®cient to differentiate the impact of deforestation among all Melipona spp. This is evidenced by the fact that the rarest species were not found at enough sites to make any conclusion about the impact of deforestation. Oliveira et al. (1995) encountered a similar problem in detecting the impact of forest fragment size on stingless bees. Most of the species they encountered ± at¯owers, honey baits, mud, water and resin collecting sites, even while bees collected human perspiration ± occurred so rarely that it was not possible to make any conclusions about the effect of forest patch size on species presence. Analogous to our study, they identi®ed a few species that appeared in all forest patches sampled, suggesting that they are not impacted by forest fragmentation. On the other hand, in our study the use of incidence data from bee capture at¯owers outside the forest was suf®cient to ®nd all Melipona spp. known to exist in the study area from a previous study (Brown, 1997) , in which stingless bees were captured at 73 sites over 12 months under the same variety of conditions as Oliveira et al. (1995) .
One could speculate that abundance measures of individuals in the ®eld would help us ®ne tune our assessment of the impact of deforestation on Melipona. However, counting bee colonies is the ideal way to determine at what level of abundance a species occurs in a given area. Unfortunately, Melipona spp. stingless bee nests are extremely dif®cult to ®nd. They are normally located in cavities of live trees within the forest, at times high in the tree canopy. Farmers in the region indicate that the easiest way to ®nd Melipona bee colonies on their land is simply to watch for them in the process of felling trees for agriculture. Our incidence data from¯owers outside the forest, therefore, only tell us that at least one colony is present in the study area, but it is reasonable to assume that the chance of ®nding an individual of a given species will decrease with a decreasing abundance of colonies in the area. By using only presence/absence data, it is possible that while a species remains widespread, it may still be affected strongly by deforestation. Such an idea would suggest that we have underestimated the impact of deforestation on Melipona. Had we collected abundance data, we would have introduced other variables that in¯uence abundance at the sample site and are dif®cult to control, such as distance to the colony and size of colony.
Few studies have examined the impact human induced land cover change has had on stingless bee species. Kerr et al. (1999) asserts that in the state of Sa Ä o Paulo, deforestation for agriculture since the 1500s resulted in only 6% of pre-European contact forests and 5% of original Meliponinae species remaining. In Sumatra, Salmah et al. (1990) reported that stingless bee diversity is lowered where orchards and villages have replaced primary tropical forest. They also found higher diversity in primary forest over secondary forest. We also have evidence of the inviability of isolated stingless bee populations once land cover change has occurred and populations become isolated in forest fragments. Zanella et al. (1998) studied the differences in diversity and abundance between mainland and island populations along the coast of Parana Â , Brazil, revealing a marked poverty of stingless bee species on islands (Zanella et al., 1998) . While Salmah et al. (1990) indicate decreased diversity relative to categories such as`primary, secondary and disturbed' areas, and Kerr et al. (1999) noted the link between landscape change and disappearance of species, neither quanti®ed measures of landscape disturbance or generated information about what species appear to be most affected. Our study addresses these problems by generating remote-sensed environmental variables that allow for reliable comparison of results across space and over time, once follow-up studies are conducted to track deforestation and its effects. Our methodology is replicable in any moist tropical forest environment with a similar history and pattern of deforestation. Our study draws attention to why certain species appear to resist deforestation better than others. Species that are more susceptible to deforestation must succumb more than others at one stage of the extirpation process in this study region, which we hypothesize occurs as follows: forest clearing stage ± trees are cleared, and colonies are killed from the impact of the nest cavity hitting the ground and breaking apart, or by humans immediately harvesting the colony once it is easy to reach; ®re survival stage ± the colony survives the tree felling and is not harmed by humans. Now it must resist the effects of ®re, which is related to how well the colony can close itself off from the outside and resist the high heat of the ®re. In turn, this can be affected by the type of tree and cavity inhabited. Roubik (1989) , however, writes that there is no evidence of tree species preference by cavity nesting bees; recuperation and long-term survival stage ± now the ®re has passed, the colony must continue its recuperation. Most important appears to be the colony's task of rectifying its architecture, which because of the position of a felled tree, must be returned to its original horizontal comb con®guration. There is no research on which species are best able to do this after such a disturbance. Now the colony must adapt to new microsite conditions, including exposure to direct sunlight and less relative humidity. Exposure to new predators can harm medium and long-term colony survival. As the numbers of colonies interacting with one another dwindles, inbreeding effects become more important. Some authors have argued that a minimum viable population of stingless bee colonies must be maintained in order to avoid inbreeding and the consequent production of diploid males (Camargo, 1974; Kerr, 1974) . However, Nogueira-Neto (1997) disputes this fact in experiments that show that a single colony, given favourable ecological conditions and care, can be a viable founder of new populations, even while the colony produces diploid males. Given the extreme habitat changes experienced by colonies that survive in our study area, we conclude that the effects of diploid males are likely to be pronounced.
While our study would suggest that M. seminigra abunensis and M. grandis are likely to have characteristics that allow them to survive these stages of extirpation, we cannot declare with certainty that these or any of our colonies were located in areas outside of primary forest cover, for example in secondary growth or in agricultural ®elds or pastures. This is because the minimum mean distance to primary forest cover for each species never exceeded more than a few hundred meters, well within the¯i ght ranges of the species studied. Future studies should ensure that an adequate number of sample points occur more than 3 km to the nearest primary forest cover. We would then be able to identify with certainty which species are absolutely able to at least withstand the early stages of extirpation. Perhaps M. seminigra abunensis and M. grandis, our common species, do not survive long in the open after deforestation at all but are somehow able to resist better the inbreeding effects associated with isolation within patches of primary forests. Lawton et al. (1998) and France & Rigg (1998) note the scarcity of data on the impacts of tropical forest disturbance on invertebrates. While several authors have clearly recognized the functional signi®cance of bees in the study of forest fragmentation and restoration (Dale et al., 1994; Didham et al., 1996; Schelhas & Greenberg, 1996; Laurance & Bierregaard, 1997) , they often make reference to a single article, Powell & Powell (1987) , which reported that four species were found not to cross a 100-m gap in moist tropical forests near Manaus, Brazil, suggesting the importance of undesirable edge effects in pollinator communities. Non-specialists interpreting such results should be aware that those bees were euglossine bees, semisocial Apidae, which are primary pollinators of orchids. Such results should not be applied to other bee groups, because characteristics such as¯ight range, habitat requirements and relationship to human socio-economic systems are completely different than stingless bees (Roubik, 1989) .
The study of stingless bees becomes increasingly important as researchers call for studies of the effect of invertebrate biodiversity loss on forest function in addition to placing these dynamics within local and regional socio-economic contexts (Didham et al., 1996; France & Rigg, 1998) . Stingless bees are eusocial, and as generalist foragers, they are capable of foraging within intact forest environments and highly fragmented ones as well, as shown in this study. Kerr et al. (1999) report that stingless bees pollinate 40±90% of tree species in Brazil. As human and ecological systems co-evolve in the developing agricultural landscape of regions like Rondonia (Norgaard, 1994) , there is an opportunity for humans to involve themselves with these ecologically important bees as stingless bee keepers, or meliponiculturists. National governments in the Amazon Basin are under intense international pressure to ®nd ways to provide for peasant livelihoods with the promotion of alternative agricultural practices that take advantage of locally available natural resources. Economic returns from such practices ideally would be an incentive for peasants to engage in conservation of the resources on which their income depends (Hall, 1997) .
Our research shows that a number of species of Melipona, the genus most important historically for honey and wax production in the New World (Schwarz, 1948) , continue to exist in regions of the Amazon settled by colonists for 30 years. Managed stingless bee colonies can exist outside of forest cover, so the question becomes how the sustained management of Melipona spp. by humans can help protect them from extirpation, help restore degraded forest habitats, and play a role in the managed pollination of local agroecosystems. Our data already point to one species in particular, M. ru®ventris brachychaeta, locally known as jandaõÂra, as a potential target of such a conservation-withuse programme. Its honey is the most highly prized in the region for its medicinal effects, clear colour and pleasant taste, fetching prices as high as US$25 L ±1 (pers. obs. from 1997 in Guajara Â -Mirim, Rondo Ã nia). The technology exists for keeping these bees commercially (Nogueira-Neto, 1997), and researchers have called for the need to introduce this technology to colonist farmers, rubber tappers and indigenous groups, otherwise these bees will come under increasing pressure from predatory nest robbing (Dain, 1991; Kerr et al., 1999) . As awareness of the importance of bees to natural and human-altered ecosystem function grows, our results will serve as an important baseline for future research on environmental change and natural resource management.
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